Abstract. By means of 13 C-NMR spectroscopy and ab initio molecular orbital theory calculations, we have analyzed the bridge effect of the C=C, C=N and N=N bonds on the long distance charge transfer of 4-dimethylamino-4 -nitrostilbenoid compounds in the ground electronic state.
Introduction
Intramolecular electronic charge transfer (IECT) of electron-donor and electron-acceptor substituted aromatic compounds has been subject of our research program during the last decade [1] [2] [3] [4] [5] [6] . In these works we have established the role of the olefinic bonds as a molecular conduction channel. Thus, in a novel comprehension of the role of these olefinic bridges, the π-conduction channel can be seen as one-dimensional channel of charge migration between the donor and the acceptor groups, where the linear and nonlinear electrical properties of these molecular bridges, such as the inner conductance or resistance, determine the final charge distribution in the molecular species [6, 7] .
This new period, own of this emergent field of research, has been recently denominated as the birth of the molecular electronics [8] , and our contributions have been particularly oriented to the studies of intramolecular electronic distribution process, where some structural arrangements can define new molecular electronic devices. In this line of research, we have now analyzed the effect of the C=C, C=N and N=N bonds on the molecular electronic charge distribution of 4-dimethylamino-4 -nitrostilbenoid compounds in the ground electronic state from an experimental and theoretical point of view.
By means of 13 C-NMR spectroscopy we have developed a complete spectral assignment of the carbon signals and we have analyzed the chemical shifts of the present molecular species respect to the biphenyl structure as a referential molecular model. While, from a theoretical point of view, we have analyzed the electronic molecular structures by means of ab initio molecular orbital calculations in a HF/6-31G * basis set [9] .
The observed 13 C-NMR chemical shifts of some stilbenoid compounds have early been explained in terms of free energy linear relationships [10] , in order to characterize the resonance and inductive effects of the electron-donor group through the molecular system. However, in this work, we have oriented our analysis to the role of the double bond bridge on the long distance charge transfer, as well as, on the electronic charge molecular distribution. Thus, two new characteristic molecular properties of these type of bridges have been explored. The first is related to the local charge accumulation capacity, given by the type of the atomic centres and the structural orientation of the double bond bridge, and the second property is related to the modulation of the electronic charge distribution through the molecular system by the electrical polarization of the bridge.
This last property induce a particular chemical shift of the aromatic carbon centres of the acceptorphenyl group. Thus, a new complementary experimental evidence, based on linear correlations observed between 13 C-NMR chemical shifts and dipolar moments, have permitted us to establish new local molecular domains of the bridge effect in these stilbenoid compounds. [12] . All these compounds were recrystallized and sublimated a reduced pressure and fresh solutions were prepared in each spectroscopic measurement. The solvent of spectroscopy grade was obtained from Aldrich Chemical Co.
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Nuclear magnetic resonance spectra were recorded on a Bruker AMX-300 spectrometer at 300 MHz for 13 C, using a QNP probe. The pulse length and time delay were 7.0 µs and 3 s, respectively. The spectral band width was 25 kHz and 16000 transients were accumulated in 32 kB files, giving a resolution of 0.69 Hz/point. Apodization of the FID with an exponential multiplication (EM) was used with a line broadening of 3.0 Hz.
The recorder was releasing at room temperature and saturated solutions in deuterated chloroform with TMS as internal reference.
Quantum mechanical calculations were performed using the Gaussian 98 for Windows program package [9] . The molecular orbital calculations were performed with complete molecular geometry relaxation at the HF/6-31G basis set. Good agreements between experimental and calculated ground state molecular conformations were found [13, 14] . The net electronic charge distributions were performed using the HF/6-31G * //6-31G basis set [9] .
Results and discussions
The 13 C-NMR chemical shifts of the 4-dimethylamino-4 -nitrostilbenoid compounds in deuterated chloroform are presented in Fig. 1 . On the other hand, the spectral assignment data of these carbon signals Table 2 are collected in Table 1 . These results are based on a comparative spectral analysis of the compounds under study and a complete review of the spectral signals coming from published work and data base systems [10, 15] . Contrarily to earlier works [10, 15] , we have recorded all the 13 C-NMR signals for the series under study, including the quaternary carbons known as the lowest intensity spectral signals. Up to date, C α and C β chemical shift signals have been subject of controversial assignments [15] . However, after our spectral analysis, these discrepancies have been resolved and we have incorporated a systematic theoretical study of the 13 C-NMR chemical shifts [9] . This theoretical study is based on the net charge densities calculated from the ab initio molecular orbital theory in the HF/6-31 G * //6-31G basis set approach (see Table 2 ). Thus, we have compared the theoretical and experimental spectral assignments in Fig. 2 and we can observe a fairly well straightforward correlation between both data set.
In order to identify the effect of the double bond bridge on the molecular charge distribution of these stilbenoid compounds, we have examined the chemical shifts from an electronic and structural point of view (see Figs 3 and 4) . First, we have included the corresponding para-substituted biphenyl compound as a model structure without double bond molecular bridge, in order to know the effect of the C=C bridge on the aromatic carbon chemical shifts. Only slight chemical shift changes can be observed after to compare the same aromatic carbon centres of biphenyl (DA) and stilbene (DCCA) compounds (see Table 1 ). These similar chemical shifts determine a same kind of electronic molecular distribution as can be corroborated from Fig. 3 , where the bridge effect in DCCA slightly modifies the chemical shifts of the C 1 and C 1 centres respect to the same centres in DA. However, contrarily to the C=C bond effect before observed, the nitrogen centres on the same bridge in C=N, N=C or N=N centres, introduce a significant perturbation of the chemical shifts on the carbon centres of the aromatic systems. Particularly C 1 and C 1 carbons, both atomic centres adjacent to the nitrogen centre on the bridge (see DCNA, DNCA and DNNA in Table 1 ), experiment a notorious chemical shift respect to the same centres in the stilbenic compound (DCCA), where the C α and C β centres in DCNA and DNCA, respectively, present the extreme cases of high chemical shifts (see Figs 3 and 4) . Furthermore, we can observe that the N=C bridge in the DNCA system, induces an inversion of the chemical shift order in the C 1 and C 1 respect to the same carbons in the remainder compounds (see Table 1 ). Obviously, this fact would involve a diminution of the charge migration through the bridge toward the acceptor group and thus, effectively, we could explain the diminution of the dipolar moment (see Table 3 ). Therefore, this bridge effect can be considered determinant in the control of the charge transfer electronic transport toward the NO 2 acceptor group after modify the π-conduction molecular channel.
Furthermore, after to analyze the chemical shift sensitivity respect to the atomic nature of the molecular bridge in Figs 3 and 4 , we have found a singular effect on the chemical shifts of the carbon centres of the nitro-phenyl groups. As well we known, the nitro-acceptor group, as an electronic charge withdrawal group, will induce an electronic charge migration through the molecular system from the electron-donor group by means of the resonance effect. However, after to compare the chemical shifts of the aromatic carbons of the donor-phenyl group and the acceptor-phenyl group respect to the molecular polarity, we have observed a fairly good linear correlation between every one of the chemical shifts of the C 1 , C 2 and C 3 carbon centres of the molecules under study and the permanent molecular dipolar moments [16] (see Fig. 5 ).
These results show a new property of the bridge, since the charge accumulation on the bridge (see Table 3 ) modulates the electronic charge transferred toward the aromatic carbons of the acceptor-phenyl group. Therefore, the aromatic carbon of the acceptor-phenyl group present a quantitative correlation of the charge migration induced by the different kinds of molecular bridges under study to be obtained from these linear correlation slopes. By following, we can ascribe an intrinsic resistivity of the conduction channel in the bridge from the chemical shifts of the C 1 , C 2 and C 3 atomic centres according to the following order: DNCA > DCCA > DNNA > DCNA.
Finally, the ab initio molecular orbital theory calculations permit to corroborate the experimental behavior before analyzed, but, in addition, these theoretical results have permitted us to characterize the electrical polarization of the molecular bridge. Effectively, from Table 3 we can observe two electronic properties of the molecular bridge. The first property is related to the total charge accumulated in these X α and X β atomic centres, i.e., (X α + X β ), which define an effective charge accumulator group or molecular device. And the second property is defined by the (X α − X β ) quantity, which determine the electrical polarization of this charge accumulator molecular device. Thus, while the C=C, C=N and N=N bonds follow a same polarization trend, the N=C bond interchange the electrical polarization of the bridge.
